The purpose of this paper is to provide a summary of the SPST support of SL100, which culminated in a propulsion technologies assessment and prioritization workshop conducted at MSFC. The results of this workshop and the follow-up analysis are part of this report.
Also included, is a review of some "lessons learned" that were solicited from the workshop participants.
SPST Organization And Operations
The mode of operation of the SPST in responding to a request from a customer is shown in Figure 1 . 
Overview

Of SPST Support Of
SL 100 Technologies
Although the SPST team support was focused on propulsion systems, the approach was to consider propulsion systems in the broadest sense, i.e. from propellant supply systems to exhaust nozzles and not just the engine. The ground infrastructure and operations, which are largely driven by the type of propulsion system and propellants, was highlighted in the scope of support.
The basic task of the SPST was to identify, define, and prioritize the propulsion systems technologies that are critical to enabling the development and operation of a space transportation service capable of meeting the challenging goals that are embedded in RLV/Gen 3. However, it was necessary for the SPST Task Force to first broadly address this task at a transportation system level as explained in the following section.
The work flow plan used in carrying out the task of SPST Support of SL100 Technologies Planning is depicted in 
FIGURE 2
The basic requirements, or major goals, of an RLV/Gen 3 transportation service were provided by NASA/MSFC Advanced Space Transportation Program Office. They were (1) a transportation service 10,000 times safer and (2) 100 times lower costs than the current space shuttle system. Table 2 . These prioritized design criteria along with many others, were utilized in the assessment workshop (see References 3 and 4).
Space Transportation
Architectures (Team 2)
As previously noted the basic task of the SPST was to identify, define and prioritize propulsion system technologies that are critical to enabling the development and operation of a space transportation service capable of meeting the challenging goals that are embedded in NASA's Gen 3 safety and cost goals.
However, it was necessary to also broadly address this task at the transportation system level. Also recognizing that the objective of this task was to identify and prioritize propulsion and propulsion-related technologies, the focus of this team was on the roles that propulsion played in defining the various space transportation system vehicles. Therefore, for this specific activity the focus was on propulsion systems for earth to LEO transportation vehicles i.e., space trucks.
Using the results of previous studies, systems applicable to the Gen3 RLVs were identified in terms of the overall vehicle concept configuration, staging, takeoff/landing approach, launch assist, number of propulsion stages, and propellants for both "earth to orbit" and "orbit to orbit" concepts. Generic concepts of transportation architecture, system elements were identified then grouped by categories.
These generic system concepts were evaluated against the attributes/functional requirements that were previously developed.
The weighting was based on the generic system concept's contribution to, or correlation with, each of the attributes/functional requirements.
It was noted that the consensus of this structured evaluation was that all of these generic system concepts were primary contributions to the achievement of the functional requirement of an RLV/Gen 3. There were only a few scores for secondary contribution, notably those related to the major attribute "Dependability", and to the specific functional requirement "Dynamic Propulsion Events Operating Modes".
The key message here is that investment in the technologies associated with these concepts would benefit most of the functional requirements associated with an RLV/Gen 3 transportation system. However, this does not mean that one can conclude that any of these generic system concepts will result in a space transportation system that meets the goals of RLV/Gen 3.
But, it is encouraging to note that these system concepts are considered to have the potential of being primary contributors to essential all of the attributes/functional requirements. This is an encouraging observation; for there is a general consensus that all of the system attributes must be embedded in a space transportation system, if it is to attain the safety and cost goals. 
(Edgar ZapataJ
The authors were also provided with a document (see Reference 4) that defined each assessment criteria. In this manner, the authors were made aware of the assessment criteria (prioritized) that would be utilized in the Workshop and could take this knowledge into account in preparing their white papers. These white papers were made available prior to the workshop.
Each author was also required to provide an on-site briefing or telecon briefing.
In addition to the input of candidate technologies, the AHP assessment and prioritization process required the identification of a pivot technology. This pivot technology, which was also provided by this team was then used as a basis of comparison in the assessment process. The utilization of a pivot technology is described further in the assessment and prioritization section of this paper.
It is beyond the scope of this paper to describe each technology.
However, for each technology presented, certain information was available on a server at MSFC and is also available as a starting point for future workshops. Up to four items were available: a quad chart from a NASA exercise in the summer of 1999, a short briefing for the workshop, a white paper, and a table of design criteria used for discrimination among technologies with comments regarding the particular technology in relation to these criteria.
Assessment & Prioritization of Technologies (Team 4)
The Technologies Assessment and Prioritization
Team of the SPST was assigned the responsibility of (1) defining the process to be used for prioritization of the identified candidate Spaceliner 100 propulsion technologies, Figure 5) . Then one by one, each of the candidate technologies within that category was briefed and evaluated by the team using the TIPS software user interface to make the pairwise comparison of the given technology to the pivot technology against each technical or programmatic criterion. The technology briefings were given either in person at the workshop or remotely via teleconferencing. The evaluators asked questions and interacted with the technology advocate, and with each other, prior to entering their pairwise comparisons into the TIPS software database (see Figure 6 ). Following the completion of each category of candidate technologies, the evaluators were able to see both their individual and the total team prioritization results through the TIPS user interface.
Results of the Technology
Prioritization Workshop
The 
FIGURE 9
Prioritization This is obvious since the cost of operations is the major factor in the price of a space transportation service.
In the SPST approach/process used in the past and in the subject SL 100 technology support, the measurable design criteria focus on those criteria that will result in efficient operations. This approach not only reduces the operating cost but results in a more reliable and dependable transportation system.
Only by following this approach in the design of all of the subsystems and components, etc., will we be able to attain the safety and affordability goals that are envisioned for the near term, RLV Gen 2 systems, let alone for the more challenging goals for a future RLV Gen 3 system. 
